Outcomes following revision surgery for failed rotator cuff repairs are far less predictable than and are associated with decreased patient satisfaction compared with primary repairs. Extracellular matrix augmentation (ECM) may improve the biologic potential for healing during revision repair. The authors examined clinical outcomes and healing rates based on postoperative imaging of patients who underwent revision open rotator cuff repair with an ECM patch for symptomatic recurrent rotator cuff tear. Twenty-four (77%) of 31 patients with a mean follow-up of 50 months (range, 30-112 months) completed post-revision surgery outcome questionnaires at a mean of 5.3 years after revision surgery, and 16 patients (67%) underwent a physical examination and repeat imaging (ultrasound or magnetic resonance imaging) at a mean of 4.2 years after revision surgery. Ten (63%) of those 16 patients were found to have failed revision rotator cuff repair on imaging, with American Shoulder and Elbow Surgeons (ASES) outcome measures that were significantly (P=.04) better in patients with confirmed intact repairs than those with confirmed failed revision repair. Outcome measures for all patients (n=24) included a mean ASES score of 67.2 (SD, 27.9) and a mean Single Assessment Numeric Evaluation (SANE) score of 66.9 (SD, 26.0). Based on these scores, excellent results were achieved in 24% of patients, good in 13%, fair in 21%, and poor in 42%. Results of this investigation demonstrated that augmentation of revision rotator cuff repair with an ECM patch through an open approach showed no significant improvement in outcomes when compared to historical reports without augmentation. [Orthopedics. 2015; 38(4):e292-e296.] The authors are from Western Orthopaedics (BWS),
R otator cuff injuries are common, leading to 30,000 to 75,000 surgical repairs annually in the United States. 1 In general, repair of symptomatic rotator cuff tears demonstrate good results in both pain relief and function. [2] [3] [4] However, the incidence of recurrent rotator cuff tear following repair has been estimated to be as high as 20% to 40%, with some authors reporting rates of recurrent tear in up to 94% in patients with chronic and large tears. [5] [6] [7] [8] Outcomes following revision surgery for failed repairs are far less predictable and are associated with decreased patient satisfaction compared to primary repairs. [9] [10] [11] [12] [13] [14] [15] The utility of scaffold devices, derived from allograft or xenograft extracellular matrix (ECM) or synthetic matrices, has been increasingly investigated as an adjunct for improving the healing potential with rotator cuff repair. [16] [17] [18] Scaffold devices are thought to augment postoperative healing through biological and biomechanical mechanisms, 18, 19 although their utility in the clinical setting has had mixed results. [20] [21] [22] Along with unproven clinical benefits, concerns regarding the implantation and cost of allograft tissue have resulted in some hesitancy to use ECM patches without improved understanding of outcomes within the clinical setting.
Despite these concerns, use of ECM patches for revision cuff repair may theoretically be beneficial because these patients commonly have a biological predisposition toward poor healing. The authors examined clinical outcomes and healing rates based on postoperative imaging in patients who underwent revision open rotator cuff repair with an ECM patch for symptomatic recurrent rotator cuff tear. The authors' hypothesis is that ECM augmentation will improve the biologic potential for revision rotator cuff repair healing and improve patient perceived outcomes.
Materials and Methods

Patient Selection and Surgical Fixation
This investigation was reviewed and approved by the Thomas Jefferson Medi- 
Operative Technique
Patients were positioned in the beach chair position and underwent initial diagnostic arthroscopic evaluation of the shoulder. Antibiotics were withheld until cultures were obtained. When a decision was made to revise the rotator cuff tear and augment the fixation, the surgery was converted to an open procedure. A 5-cm incision was made along Langer's lines just lateral to the anterior aspect of the lateral acromion. The anterior deltoid and anterior half of the middle deltoid were then reflected off of their acromial insertion and the underlying rotator cuff was evaluated. If the rotator cuff appeared amenable to repair, the coracoacromial ligament was released from its insertion on the acromion and any residual suture or debris was removed.
Multiple tissue cultures were collected and held at the microbiologic laboratory for an average of 14 days. Appropriate releases were made to maximize cuff excursion and minimize tension on the planned repair. The greater tuberosity was then lightly decorticated to bleeding bone. All repairs were made using interosseous tunnels with a No. 2, nonabsorbable braided suture (Arthrex, Naples, Florida). For patients with extremely retracted tendons, the repair was medialized and may not have covered the entire footprint to minimize tension on the repaired tendon. Following fixation of the cuff tear, the ECM patch was then secured over the bursal side of the repair with tension on the patch (Figure 1) . Laterally, the graft was secured directly to bone via transosseous tunnel sutures. Finally, the deltoid was repaired with nonabsorbable sutures to the acromion through bone tunnels.
Postoperatively, all operative arms were kept in a sling for 4 weeks before passive motion exercises were initiated. No active motion was allowed before 12 weeks postoperatively. Progressive weight bearing was increased until 6 months postoperatively.
Data Collection
Twenty-four (77%) of 31 patients with a mean follow-up of 50 months (range, 30-112 months) completed post-revision surgery outcome questionnaires over the phone consisting of American Shoulder and Elbow Surgeons (ASES) and Single Assessment Numeric Evaluation (SANE) scores at a mean of 5.3 years after revision surgery. Sixteen patients underwent physical examination and repeat imaging (ultrasound or magnetic resonance image) at a mean of 4.2 years after revision 
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Copyright © SLACK inCorporAted n Feature Article surgery. Assessment of magnetic resonance imaging (MRI) was completed by both reading radiologists and the senior author (M.D.L.). Ultrasonography for all patients was performed by a single physician (A.G.) with outcomes blinded prior to interaction with the patient. Physical examination included strength and motion analysis, as well as evaluation of cuff integrity.
Statistical Analysis
Clinical outcome data were compared between patients with the use of paired Student's t tests. Significance was placed at a P value less than .05.
results
Patients were divided into 2 groups. Group A consisted of patients with postoperative imaging and physical examination. Group B consisted of patients who completed a postoperative phone outcome questionnaire.
Group A
Sixteen patients underwent postoperative imaging and clinical evaluation following revision rotator cuff repair with ECM augmentation. Eight (50%) patients underwent MRI following revision cuff repair for persistent pain and weakness (clinical failure). Of these, all (100%) had a recurrent tear. For patients who did not have a clinical failure, 8 shoulders were available for outcome measures, physical examination, and postoperative ultrasound analysis. Of these, 2 (25%) shoulders were found to have a recurrent cuff tear. Of all patients who underwent postrevision imaging (MRI or ultrasound), 10 (63%) of 16 had recurrent rotator cuff tears.
Nine patients underwent revision surgery for a large preoperative re-tear (>1 tendon tear). Six (67%) of these patients had not healed on post-revision imaging, and 3 (33%) were confirmed healed. Of the 7 patients who underwent revision surgery with a single tendon tear, 3 (43%) had a healed repair on imaging, whereas 4 (57%) were confirmed not healed. Of shoulders with confirmed healed repair, 4 (67%) of 6 were workers' compensation (WC) patients. However, of the shoulders with confirmed nonhealed repairs, 9 (90%) of 10 were WC patients. In addition, 5 (45%) of 11 nonsmokers were found to have healed revision cuff repairs, but only 1 (20%) of 5 smokers demonstrated a healed repair. None of these results demonstrated significance, but outcomes for non-WC patients or nonsmokers demonstrated a trend toward improved outcome measures when compared to WC patients or smokers (P<.22) (Figure 2 ).
In addition, 2 patients were found to have positive intraoperative cultures for Propionibacterium acnes. These patients were treated with intravenous antibiotics for 6 weeks, with an additional 6 weeks of oral antibiotics following revision repair. Both patients had an intact rotator cuff tendon on reimaging. Finally, 1 patient underwent repair of a deltoid dehiscence at time of revision. This patient was found to have an ASES outcome score of 70.9 and a SANE score of 70.
Outcome measures for patients with an intact repair on postoperative imaging demonstrated a mean ASES score of 81 (SD, 18.4) and a mean SANE score of 77.5 (SD, 21.6), with full active motion and strength equal to the contralateral shoulder in each patient as measured by manual muscle testing. Patients with a recurrent tear demonstrated a mean ASES score of 40 (SD, 40.7) and a mean SANE score of 48.3 (SD, 36.1), and all had clinical weakness by functional cuff testing (Figure 2) . ASES outcome measures were found to be significantly (P=.04) better in patients with intact repairs compared to those with a re-tear confirmed on imaging.
Group B
Twenty-four patients who underwent revision rotator cuff repair with ECM augmentation completed a postoperative outcome questionnaire via the telephone (consisting of ASES and SANE scores). Outcome measurements for this group included a mean ASES score of 67.2 (SD, 27.9) and a mean SANE score of 66.9 (SD, 26.0) (Figure 2) . Based on these scores, excellent results were achieved in 24% of patients, good in 13%, fair in 21%, and poor in 42%.
No significant differences were found in outcome measures based on ECM patch type (Conexa, Graft Jacket, or Tissuemend), tear size (1 or more than 1 tendon tear) (Figure 3) , or associated deltoid dehiscence. Outcome measures were better for nonsmokers when compared to smokers; however, this was not significant. Outcome measures were also better for non-WC patients compared to WC patients. Again, this was not significant but did demonstrate a trend (P=.22).
discussion
Recurrent rotator cuff tears are relatively common following primary repair. [5] [6] [7] [8] When symptomatic, these failures present a challenging problem because revision repair is historically associated with significantly worse outcomes when compared to primary repair. [9] [10] [11] [12] [13] [14] [15] Commonly, patients who fail primary repair have biological barriers that influence potential repair success, including poor tissue quality, deltoid dehiscence, or medical comorbidities. [9] [10] [11] [12] [13] [14] [15] The current investigation is the first to examine the clinical utility of augmenting revision rotator cuff repair with scaffold devices, or ECM patches, in an effort to improve outcome by optimizing the biology of repair tissue.
Extracellular matrix patches are scaffold devices designed to create a cellular reaction that leads to an inflammatory response, host cell infiltration, and tendonlike remodeling. 18, 19 In addition, ECM patches provide mechanical and suture retention properties that augment rotator cuff repair, increasing load to failure and reducing gap formation under cyclic loading when compared with nonaugmented repairs. [23] [24] [25] In the clinical setting, several investigations, consisting mostly of case series (level 4 evidence), have evaluated the use of these patches during primary rotator cuff repair with inconsistent results. [26] [27] [28] Barber et al 22 published the only current prospective, randomized control trial examining the use of the ECM patch as augmentation for repair of chronic, large (>3 cm) tears. These authors found that augmentation significantly improved outcome scores and healing rate on postoperative magnetic resonance arthrogram imaging when compared with the nonaugmented group. 22 In the current study, patient-reported outcomes following revision rotator cuff repair with an ECM patch were excellent or good in only 37% of patients, whereas 63% of patients reported fair or poor results. These results are comparable to reported historical outcomes in populations undergoing open revision repair without the use of ECM patches. Durasovic et al 11 evaluated 80 patients undergoing revision open rotator cuff repair, with 31% having an unsatisfactory outcome. Ma et al 14 reported an unsatisfactory rate of 45% in 20 patients who underwent revision cuff repair. Bigliani et al 9 also reported 31 patients undergoing repeat repairs of rotator cuff tendons, finding that although 81% had satisfactory pain relief, 45% reported persistent weakness that led to an unsatisfactory result.
Arthroscopic revision rotator cuff repair has demonstrated improved patient outcomes compared to those results presented in the literature following open repair in 2 smaller studies. Lo and Burkhart 29 reported that 13 (93%) of 14 patients were satisfied following arthroscopic revision repair. Keener et al 12 retrospectively reviewed 21 shoulders following revision arthroscopic rotator cuff repair. They found that revision repair resulted in reliable pain relief and improved shoulder function; however, only 48% of revision shoulders had an intact repair on ultrasonography at a mean of 25 months postoperatively. 12 Currently, there are no investigations evaluating arthroscopic revision rotator cuff repair with augmentation.
Investigations evaluating revision rotator cuff repair report worse outcomes in patients with advanced age, poor tissue quality, deltoid dehiscence, or medical comorbidities. [9] [10] [11] [12] [13] [14] [15] In theory, the use of ECM patches for revision rotator cuff repair should improve the biological potential of these repairs allowing for tendon-like remodeling. However, results of the current study demonstrate no improvement in subjective outcomes for patients undergoing revision cuff repair with augmentation when compared with nonaugmented results reported in the literature. [9] [10] [11] 14 In addition, in the current study, the use of an ECM patch for open revision rotator cuff repair actually demonstrated higher re-tear rates (63%) than historical reports, although the significance of this is unknown. It is likely that augmentation of the repair simply did not provide any advantage to healing of the revision repair in this difficult patient population.
In the current study population, no significant differences were found in outcomes based on size of primary tear or retear (according to the number of tendons torn), type of ECM patch used, age, previous infection, or deltoid dehiscence. Patients who were nonsmokers and non-WC patients showed a trend toward better outcomes; however, this difference was not significant. Notably, patients with a confirmed re-tear demonstrated significantly worse outcome measures when compared to patients with confirmed intact repairs.
There are several limitations to this study. First, this is a retrospective review in which 6 patients were lost during follow-up or unavailable for inclusion into evaluation of outcome measures. Second, the authors' sample of 24 patients available for outcome measures and 16 patients available for imaging is a relatively small sample size compared to some other reports in the literature. Finally, the authors were only able to obtain postoperative imaging in a subset of patients, including those patients with clinical failure. It is possible that the rate of failed revision repairs would be diminished if asymptomatic patients were available to undergo imaging.
conclusion
Recurrent symptomatic rotator cuff tears present a challenging problem. Outcomes, both historically and in the current 
A B e295
Copyright © SLACK inCorporAted 
